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SILYLIUM CATIONIC POLYMERIZATION ACTIVATORS 
FOR METALLOCENE COMPLEXES 

This invention relates to a method for preparing compositions of matter that are 
5 useful as catalysts, and to a method of using these catalysts for polymerizing addition 
polymerizable monomers. More particularly the present Invention relates to an improved 
method for preparing a class of catalysts known as cationic metallocene catalysts using a 
silylium salt activator. 

In EP-A-41 6,81 5 there are disclosed certain constrained geometry metal 
} 0 complexes and catalysts derived by reacting the metal complex with activating cocatalysts. In 
EP-A-418,044 there are further disclosed certain constrained geometry metal catalysts formed 
by reacting such metal complexes vAlh salts of Bronsted acids containing a noncoordinating 
compatible anion. The reference discloses the fact that such complexes are usefully employed 
as catalysts in addition polymerizations. In W093/23412 an alternative technique for preparing 
1 5 cationic constrained geometry catalysts using carbenium cationic activator compounds is 
disclosed. 

It has been previously known in the art to employ carbenium, oxonium or 
sulf onium ions to generate cationic Group 4 metallocene catalysts. Such a process is disclosed 
in EP-A2^26,637. 

20 J- Lambert, et al., Orqanometaliics. 13, 2430-2443 (1994), disclosed a process for 

preparing silylium borate salts by reaction of carbenium borates with silanes. Lewis base 
adducts of silylium borates, especially ether and acetonitrile adducts of silylium borates, are 
disclosed in S. R. Bahr, et al., J. Am. Chem. Soc.. 11 5, 4514-4519 (1993) and in M. KIra, et al., J, 
Am.Chem.Soc. 1 14, 6697-6700 (1992), respectively. None of the foregoing references 

25 discloses a utility for such silylium compounds In the formation of polymerization catalysts. 

It would be desirable if there were provided an improved method that would 
allow the production of even more efficient catalysts as well as an improved addition 
polymerization process utilizing such catalysts. 

As a result of Investigations carried out by the present inventors there is now 

30 discovered a new and improved method for the preparation of catalysts and an improved 
method for polymerization of addition polymerizable monomers. 

In accordance with the present invention there is provided a catalyst system 
useful for polymerization of addition polymerizable monomers, said system comprising: 
A) a metal complex corresponding to the formula: 

35 L,MX^X'/"p,oradimerthereof 
wherein: 

Lis an anionic, delocalized,n-b nded group that is bound t M, containing up to 
50 nonhydrogen atoms, optionallytwoL groups may b joined t gather forming a bridged 
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structure, and further optionally one L may b bound to X; 

MisametalofGr upAofthePeri dicTableofth Elements in the -1-2, -1-3 or -1-4 
formal oxidation state; 

X is an optional, divalent substituent of up to 50 non-hydrogen atoms that 
5 together with L forms a metallocycle with M; 

X* is an optional neutral Lewis base having up to 20 non-hydrogen atoms; 

X" each occurrence is a monovalent, anionic moiety having up to 40 non- 
hydrogen atoms, optionally, two X groups may be covalently bound together forming a 
divalent dianionic moiety having both valences bound to M, or form a neutral, conjugated or 
10 nonconjugated diene that is n-bonded to M (whereupon M is in the 2 oxidation state), or 
further optionally one or more X and one or more X' groups may be bonded together thereby 
forming a moiety that is both covalently bound to M and coordinated thereto by means of 
Lewis base functionality; 

kis1or2; 
15 misOorl; 

n is a number from 0 to 3; 

p is an integer from Oto 3; and 

the sum, k m 4^ p, is equal to the formal oxidation state of M, and 

B) a silyiium salt corresponding to the formula: 
20 R3Si(X')q*A-, 

wherein R independently each occunrence is selected from the group consisting of hydrocarbyl, 

silyl, hydrocarbyloxy, dihydrocarbytamino, and combinations thereof having up to 30 

nonhydrogen atoms, X' is as previously defined, q is zero or one, and 

A- is a noncoordinating, compatible anion. 
25 Also included within the present invention is a process for forming a catalyst 

system comprising contacting the foregoing components A) and B) in an inert diluent, 

optionally in the presence of one or more addition polymerizable monomers. 

Certain of the above described catalyst systems, especially those in which the 

metal M is initially in the -t- 4 formal oxidation state, are believed to exist in the form of the 
30 corresponding cationic metal complex having the formula: 

(L^M*X^X'^X*p.,)+A-, or a dimer thereof 

wherein: 

M* is a metal of Group 4 of the Periodic Table of the Elements in the 4 formal 
oxidation state; 

35 L, X, X', X", A-, k, m, n and p are as previously defined. 

Moreover, according to the present invention there is included a n vel method f 
forming the silyiium salts or optionally the catalyst system, comprising electr lyzing a solution 
comprising a disllanec mpound corresponding to th formula: 

-2- 
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RsSiSiR} 

wherein R is as previously defined* 

in the presence of a source of the noncoordi nating counter ion, To form the catalyst system 
of the invention, the resulting silylium salt is contacted with the metal complex, L^MX^X'^X'^, 

5 or a dimer thereof. 

Finally, according to the present invention there is provided a polymerization 
process comprising contacting one or more addition polymerizable monomers under addition 
polymerization conditions with a catalyst system as previously defined or a catalyst system 
prepared according to the previously disclosed process. 

^ 0 Addition polymerization products formed according to the present Invented 

process are oligomeric or polymeric materials usefully employed for use as additives in 
petroleum products and in the formation of moldings, extrusions, adhesives, impact modifiers 
for thermoplastic resins and in other uses. 

The catalyst systems formed according to the present invention are very stable 

) 5 towards thermal and photochemical decomposition and accordingly are highly effective 
polymerization initiators. 
Detailed Description 

All reference to the Periodic Table of the Elements herein shall refer to the 
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 1 989. Also, any 

20 reference to a Group or Groups shall be to the Group or Groups as reflected in this Periodic 
Table of the Elements using the lUPAC system for numbering groups. 

The term "silylium ion' refers to cationic species that possess an electron deficient 
tri-coordtnate silicon atom. Stable silylium ions are such cationic species that are able to exist in 
solution without decomposition for a time period sufficient to undergo the reactions desired 

25 of the present invention. Pref en^ed silylium ions are those ions that are incapable of 

coordination with the metal atom or only weakly coordinate thereto. Further preferably such 
ions are capable of abstracting an X' group from the metal complex. The silylium ion may also 
exist in the form of an adduct wKh a neutral Lewis base, for example as an ether adduct 
Examples of suitable silylium ions for use herein include trimethylsilylium, triethylsilylium, 

30 trilsopropylsilylium, triisobutylsilylium, trihexylsilylium, methyldiphenylsilylium, 
methyldiisopropylsilylium^ dimcthyldodecylsilylium, dimethyloctadecylsilylium, 
tris(trimethylsilyl)silylium, and ether adducts thereof. 

As used herein, the recitation "noncoordinating, compatible anion" means an 
anion which either does not coordinate to the metal containing portion of the complex (or 

35 with respect to the electrochemical fomiation of the silylium cation explained hereinafter, does 
not CO rdinate to the silylium complex) or which is only weakly coordinated thereto thereby 
remaining sufficiently labile to b displaced by a neutral Lewis base, such as an olefin 
compound. A nonco rdinating, compatible anion specifically refers to a compatibi anion 
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which, within the time frame of the d sired end use, when functi ning as a charge balancing 
anion in the catalyst system of this invention does not transfer an anionic substituent or 
fragment thereof to the Group 4 metal complex portion thereby forming neutral byproducts. 
"Compatible anions" are also anions that are not degraded to neutrality when the initially 

5 formed complex decomposes and that are noninterfering with the desired subsequent 
polymerization or other uses of the complex. 

More particularly the noncoordinating, compatible anion may comprise a single 
coordination complex comprising a charge-bearing metal or metalloid core, which anion is 
both bulky and non-nucleophilic The recitation "metalloid", as used herein, includes non- 

^0 metals such as boron and phosphorus which exhibit semi-metallic characteristics. 

Preferred compatible noncoordtnating anions. A-, are those containing a single 
coordination complex comprising a charge-bearing metal or metalloid core, which anion is 
capable of stabilizing the catalyst system and sufficiently labile to be displaced by olefinic, 
diolef inic and acetylenically unsaturated substances or other neutral Lewis bases such as ethers, 

^5 nitrites and the like. Suitable metals include, but are not limited to, aluminum, gold and 
platinum. Suitable metalloids especially include boron, phosphorus, silicon and germanium. 
Compounds containing anions which comprise coordination complexes containing a single 
metal or metalloid atom are, of course, well known and many, particularly such compounds 
containing a single boron atom in the anion portion, are available commercially. In light of 

20 this, salts containing anions comprising a coordination complex containing a single boron atom 
are preferred. 

Most prefen^d compatible non-coordinating anions are 
tetrakis(pentafluorophenyl)borate, tetrakis (2,3,5,6-tetrafluorophenyl)borate, tetrakis(2,3,4,5- 
tetrafluorophenyDborate, tetrakis(3,4,5-trifluorophenyl)borate, tetrakis(l,2,2- 

25 trifluoroethenyl)borate, methyltris(perfluorophenyl)borate and phenyltris(perf luorophenyl)- 
borate. 

Examples of silylium complexes usefully employed according to the present 
invention include: trimethylsilylium tetrakispentafluorophenylborate, triethylsilylium 
tetrakispentafluorophenylborate,triphenylsilyliumtetrakispentafluorophenylborate, 

30 tribenzylsilylium tetrakispentafluorophenylborate, trimethylsilylium 

methyltrispentafluorophenylborate, trimethylsilylium benzyltrispentafluorophenylborate. 
triethylsilylium phenyltrispentafluorophenyl borate, triethylsilylium 
methyltrispentafluorophenylborate,triphenylsilylium methyltrispentafluorophenylborate, 
tribenzylsilylium benzyltrispentafluorophenylborate, tribenzylsilylium methyltris- 

35 pentaf luorophenylborate, trimethylsilylium tetrakis(2,3,5,6-tetrafluorophenyl)borate, 
triphenylsilylium tetrakis(2,3,5,6-tetrafluoroph€nyl)borate, trimethylsilylium tetrakis(3,4,5- 
trifluorophenyl)borate, tribenzylsilylium t€trakis(3,4,5-trifluorophenyl)aluminate, 
triphenylsilylium m thyltris(3,4,5-triflu roph nyl)aluminate, triethylsilylium tetrakis(1 .2,2- 
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trifluor ethenyl)borate, tricyclohexylsilylium tetrakjs(23.4,5-tetraflu rophenyDborate. 
dimethyloctadecylsilylium tetrakis(pentafluorophenyl)borate, tris(trim 
methyltris(2,3 A5-tetrafluorophenyl)borate, or ether adducte thereof. 

Such silylium compounds, or their ether adducU, are readily formed by reaction of 
a silane chloride of the formula R^SiQ, wherein R is as previously defined, with a Group 1 or 
Group 2 metal salt of the desired noncoordinating, compatible anion, especially lithium 
tetraklspentafluorophenylborate. Alternatively, the corresponding silane, R3SiH maybe 
contacted with a carbenium salt of the desired noncoordinating, compatible anion, for 
example triphenylcarbenium tetrakispentafluorophenylborate. The above reactions are 
desirably conducted In an inert liquid such as an aromatic or aliphatic hydrocarbon or aliphatic 
ether. In the latter event the resulting product is generally recovered in the form of an ether 
adduct. The reaction may also be conducted in situ in the reactor used for addition 
polymerization or equipment associated therewith and the resulting product utilized as the 
polymerization catalyst without recovery. 

In a further, and highly preferred alternative preparation, the previously 
identified disilane compound, RaSiSIRa, is oxidized under inert oxidizing conditions and 
converted Into two cationic producU each having the formula: RaSi + . The term "inert 
oxidizing conditions* as used herein refers to the use of solvents, oxidizing agents and 
oxidizing conditions such that byproducuthat would render inactive the catalyst system of the 

present invention are not formed during the reaction. More particularly, suitable solvents are 
materials that are: liquids under the conditions of the oxidation (generally temperatures from 
0 to 1 00*Q, capable of dissolving the reactants and inert "Inert solvents' are those that are 
not reduced or oxidized under the reaction conditions employed. Examples of pref en-ed 
solvents include dif luorobenzene (all isomers), and Ci^dialkyl ethers of(poly)alkylene glycols, 
especially dimethoxyethane, and mixtures of the foregoing. Generally, solvents that are Lewis 
bases, especially nitrile, ether, amine, and phosphine compounds may be used. 

A preferred process involves the electrolytic oxidation of the disilane compound. 
General techniques and equipment for electrolysis that are previously well known in the art 
are used. A disilane that oxidizes at a potential higher than that of the metal complex is 
preferably employed. A preferred oxidizing potential for such disilane is at least + 0.50 volts 
versus a saturated calomel electrode, more preferably at least + 1 .50 vote versus a saturated 
calomel electrode. Cell potentials can be calculated using a known potential reference such as 
ferrocene. From these potentials, potentials from a saturated calomel electrode may be 
calculated using well known techniques. 

The electrolysis may be conducted in a standard electrolytic cell containing an 
anod and cathode (also r f rred to as the working electrod and counter electrode, 
respectively). Suitable materials of constructi n for the cell include glass, plastic, ceramic, glass 
coated metal, etc. The electrodes are pr pared from inert c nductive materials, by which are 
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meantconductfvematerialsthatare unaffected by the r aaionmixtur orr action conditi ns. 
Platinum or palladium are pref rred inert conductive mat rials. Normally an Ion permeable 
membrane such as a fine glass frit separates the cell into separate compartments, the working 
electrode compartment and counter electrode compartment. A third, buffering or spacer, 

5 compartment may further separate the working electrode compartment and counter electrode 
compartment The working electrode is immersed in a reaction medium comprising the 
disilane compound, solvent, supporting electrolyte, and any other materials desired for 
moderating the electrolysis or stabilizing the resulting complex. The counter electrode is 
immersed in a mixture of the solvent and an electrolyte comprising the A- anion, which 

1 0 electrolyte may also be the supporting electrolyte. The desired voltage may be determined by 
theoretical calculations or determined experimentally by sweeping the cell using a reference 
electrode such as a silver elearode immersed in the cell electrolyte. The background cell 
current, the current draw in the absence of the desired electrolysis, is also determined. The 
elearolysis is completed when the current drops from the desired level to the background 

^ 5 level, in this manner, nearly complete conversion of the disilane can be easily detected. 

Desirably, conversions from 50 to 80 percent of theoretical are utilized to avoid contamination 
of the desired reaction product with further electrolytic decomposition products. 

Suitable supporting electrolytes more preferably include salts corresponding to 

the formula: 

20 G*A-; 
wherein: 

G is a cation which is nonreactive towards the starting disalane and resulting 

complex, and 

A- is as previously defined. 

25 Examples of cations, G + , include tetrahydrocarbyl substituted ammonium or 

phosphonium cations wherein each hydrocarbyl group has up to 10 carbon atoms. Preferred 
supporting electrolytes aretetraalkylammonium salts of tetrakis(perfluoroaryl) borates, 
especial ly tetra-n-butylammonium tetrakis(pentaf luorophenyi)borate. 

During the electrolysis the cation of the supporting electrolyte passes to the 

30 counter electrode and the noncoordinating compatible anion, A-, migrates to the working 
electrode to become the anion of the resulting oxidized product Either the solvent or the 
cation of the supporting electrolyte is reduced at the counter electrode In equal equivalent 
quantity with the amount of oxidized silylium cation formed at the working electrode. Also, 
since two moles of silylium complex are formed for each mole of disilane compound employed, 

35 the molar amount of disilane compound used is generally approximately one-half the molar 
quantity of Group 4 metal complex used. 

Turning once again t the Gr up 4 metal containing complexes of the present 
catalyst system, suitable L groups include any anionic, n-electron c ntaining moiety capable of 
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forming a delocalized bond with th Group 4 metal. Examples includ cydopentadlenyl, allyl, 
and polyenyl groups, as well as substituted derivatives of such groups. Preferred L groups 
include, cydopentadienyl, indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, 
octahydrofiuorenyl, pentadienyl, cyclohexadienyl, cyclooctadienyl, dihydronaphthalenyl, 

5 hexahydronaphthalenyl, dihydroanthracenyl, hexahydroanthracenyl, decahydroanthracenyl 
groups, and alkyi substituted derivatives of such groups. 

By the term "derivative* v^en used to describe the above substituted, 
delocalized n-bonded groups Is meant that each atom in the delocalized n-bonded group is 
substituted (subject to valence limiu) with a radical, R', independently each occurrence selected 

) 0 from the group consisting of hydrogen, hydrocarbyl, silyl, germyl, siloxy, hydrocarbyloxy, 

cyano, halo and combinations thereof, said R' (other than hydrogen, cyano and halo) having up 
to 20 non-hydrogen atoms. In addition two or more such R' radicals may together form a fused 
ring system. Examples of the latter are the previously mentioned indenyl-, tetrahydrolndenyl-, 
fluorenyl-, octahydrofiuorenyl-, dihydroanthracenyl, hexahydroanthracenyl, and 

j 5 decahydroanthracenyl groups. 

Suitable complexes include those containing either one or two L groups. The 
latter complexes include those containing a bridging group linking the two L groups. Preferred 
bridging groups are those corresponding to the formula (ER*2)x wherein E is silicon or carbon, 
R* independently each occurrence is hydrogen or a group selected from silyl, hydrocarbyl and 

20 combinations thereof, said R* having up to 30 cari3on or silicon atoms, and x is 1 to 8. 
Preferably, R* independently each occurrence Is methyl, benzyl, tert-butyl or phenyl. 

Examples of the foregoing bridged bis(L) containing complexes are compounds 
corresponding to the formula: 
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wherein: 

M, E, R*, R', X', X", n and p are as previously defined. 
Such bridged structures are especially suited for the preparation of polymers 
having stereoregular molecular structure. In such capacity it is preferred that the complex 

5 possess Cs symmetry or possess a chlral, stereorlgid structure. Examples of the first type are 
compounds possessing different delocatized n-bonded systems, such as one cyclopentadlenyl 
group and one fluorenyl group. Similar systems based on Ti(IV) or Zr(iV) were disclosed for 
preparation of syndiotactic olefin polymers In Ewen, et al., J. Am. Chem. Soc 1 10, 6255-6256 
(1980). Examples of chiral structures include bis-indenyl complexes. Similar systems based on 

10 ^KIV) or Zr(IV) were disclosed for preparation of isotactic olefin polymers in Wild et al., JL 
OroanometChem. 232, 233-47, (1982). 

Exemplary bridged cyclopentadlenyl moieties in the complexes of formula (I) are: 
(dimethylsilyl-bis-cyclopentadienyl),(dimethylsilyl-bis-methylcyclopentadtenyl),(dimethylsily^ 
bis-ethylcyclopentadienyl,(dimethylsilyl-bis-t«butylcyclopentadienyl). (dimethylsilyl-bis- 

1 5 tetramethylcyclopentadienyl), (dimethylsilyl-bis-indenyl), (dimethylsilyl-bls- 

tetrahydroindenyl),(dimethylsilyl-bis-fluorenyl), (dimethylsilyl-bis-tetrahydrofluorenyl), 
(dimethylsilyl-cyclopentadienyl-fluorenyl), (1,1,2, 2-tetramethyM, 2-disilyl-bl$- 
cyclopentadienyi), (1, 2-bis(cyclopentadienyl)ethane, and (isopropylidene- 
cyciopentadienyl-fluorenyt). 

20 Preferred X' groups are selected from hydride, hydrocarbyl, silyl, germyl, 

halohydrocarbyl, halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or two X" groups 
together with M form a metallocyclopentene. Most preferred X* groups are Ct.20 hydrocarbyl 
groups. 

Suitable divalent X substituents preferably include groups containing up to 30 
25 nonhydrogen atoms comprising at least one atom that is oxygen, sulfur, boron or a member of 
Group 14 of the Periodic Table of the Elements directly attached to the deiocalized n-bonded 
group, and a different atom, selected from the group consisting of nitrogen, phosphorus, 
oxygen or sulfur that is covalently bonded to M. 

Preferably the Group 4 metal complexes utilized in the present invention 
30 correspond to the formula: 

L^MX^X'^X'p, or a dimer thereof 

wherein: 

L Is an anionic, deiocalized, n-bonded group that is bound to M, containing up to 
50 nonhydrogen atoms; 

35 Mis a metal of Group 4 of the Periodic Table of the Elements in the '«-2, <i>3or •••4 

formal oxidation state; 

X is a divalent substituent of up to 50 non-hydrogen atoms that together with L 
forms a metallocycle with M; 

•8- 
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X' is an optional neutral Lewis base ligand having up to 20 non-hydrogen atoms; 

X' each occurrence is a monovalent, anionic moiety having up to 20 non- 
hydrogen atoms, optionally two X" groups together may form a divalent anionic moiety 
having both valences bound to M, and further optionally X' and X* may be bonded together 
5 thereby forming a moiety that is both covalently bound to M and coordinated thereto by 
means of Lewis base functionality; 

kisi; 

mist; 

n is a number from 0 to 3; 
)0 p is an integer from 1 to 2; and 

the sum, k -f m pjs equal to the formal oxidation state of M. 
Cationic complexes formed upon combination of the above preferred Group 4 
metal complexes wherein M is in the 4 formal oxidation state with the silylium compound 
would therefor correspond to the formula: 
1 5 (L^M*X^X'^X'^,) ♦ or a dimer thereof 

wherein: 

M* isametalof Group 4 of the Periodic Table of the Elements in the 4- 4 formal 
oxidation state; 

L, X, X', X', A', k, m, n and p are as previously defined for the above preferred 
20 metal complexes. 

According to the present invention, highly preferred Group 4 metal complexes for 
use in formation of the catalyst systems of the invention are those containing one and only one 
cyclic, delocalized, anionic, n-bonded group, said complexes corresponding to the formula: 

25 / \ ^ 

L M— X"p 

wherein: 

M, X, X' and X" are as previously defined. Such complexes are known in the art as 
constrained geometry complexes. 
3Q More highly pref enred metal coordination complexes according to the present 

invention correspond to the formula: 

Cp M — X"p 

wherein X, M and X" are as previously defined; and 

Cp is a CsH4 group bound to X and bound in an i)5 bonding mode to M or is sucli 
an ifi bound group substituted with from one to four substituents independently selected 
from hydrocarbyl, silyt, germyl, halo, cyano, and combinations thereof, said substituent having 
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up to 20 nonhydrogen atoms, or optionally, two or more such substituents ( xcept cyano or 
halo) together cause Cp to have a fused ring structure. 

Most highly preferred Group 4 metal coordination complexes used according to 
the present invention correspond to the formula: 



5 




wherein: 

M is titanium or zirconium in the 4 formal oxidation state; 

R' each occurrence is independently selected from hydrogen, hydrocarbyl, silyl, 
germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen atoms, 
and optionally, two R' groups (where R' is not hydrogen, halo or cyano) together form a 
1 ^ divalent derivative thereof connected to adjacent positions of the cyclopentadienyl ring to 
form a fused ring structure; 

X" is halo, or a hydrocarbyl, hydrocarbyloxy or silyl group, said group having up to 
20 nonhydrogen atoms; 

Y is -O, -S-, -NR*-, -PR*-; and 
20 2 is SiR*2* CR*2, 5iR*2SiR*2. CR*2CR*2* CR* = CR*, CR*2SiR*2. or GeR*2; 

wherein: 

R* each occurrence is independently hydrogen, or a member selected from 
hydrocarbyl, silyl, halogenated alkyi, halogenated aryl, and combinations thereof, said R* 
having up to 1 0 non-hydrogen atoms, and optionally, two R* groups from Z (when R* is not 

25 hydrogen), or an R* group from Z and an R* group from Y form a ring system. 

Further in such most highly preferred embodiment, R' independently each 
occurrence is hydrogen, hydrocarbyl, silyl, halo and combinations thereof said R' having up to 
1 0 non-hydrogen atoms, or two R' groups (when R' is not hydrogen or halo) together form a 
divalent derivative thereof; most preferably, R' is hydrogen, methyl, ethyl, propyl, butyl, 

^0 pentyl, hexyl, (including where appropriate all isomers), cyclopentyl, cyclohexyl, norbomyl, 
benzyl, or phenyl or two R' groups (except hydrogen) are linked together, the entire CsR'a 
group thereby being an indenyl, tetrahydroindenyl, f luorenyl, tetrahydrofluorenyl, or 
octahydrofluorenyl group. 

Further most highly preferably, at least one of R' or R* is an electron donating 

^5 moiety. By the term "electron donating" is meant that the moiety is more electron donating 
than hydrogen. Als most highly pref rably, Y is a nitr genorphosph rus containing group 
c rresp ndingtothefomiula-N(R')- r -P(R")-, wherein R" is C^ohydr carbyl. 
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Illustrative Gr up 4 metal c mplexes that may be employed in the praaice of the 
present invention include: 

complexes having only one L grouping including constrained geometry complexes: 

cyclopentadienyltitaniumtrimethylfCyclopentadienyltltaniumtri ethyl, 
5 cyciopentadlenyititaniumtritsopropyt,cyclopentadienyltitaniumtriphenyl, 

cyclopentadlenyltitaniumtribenzyl,cyclopentadienyltitanium-2,4-pentadienyl, 

cyclopentadienyltitaniumdimethyimethoxide, cyclopentadienyltitaniumdimethykhloride, 

pentamethylcyciopentadienyltitaniumtrimethyl« 

indenyltitaniumtrimethyl, 
^ 0 indenyltitaniumtriethyl, 

indenyttitaniumtripropyl, 

i ndenyititani u mtri p henyl , 

tetrahydroindenyltitaniumtri benzyl, pentamethylcyclopentadienyltitaniumtriisopropyl, 

pentamethylcyciopentadienyltitaniumtribenzyi, 
1 5 pentamethylcyclopentadienyltitaniumdimethylmethoxide, 

pentamethylcyclopentadienyltitaniumdimethylchloride, (ii5-2,4-dimethyl-1 ,3- 

pentadienyl)titaniumtri methyl, 

octahydrofluorenyltitaniumtrimethyl, 

tetrahydroindenyltitaniumtrimethyl, 
20 tetrahyd rofl uorenyltitani umtrl methyl , 

(1 ,1-dimethyl-2,3A9f 1 A5,6,7,8-hexahydronaphthalenyl)tttaniumtrimethyl, 

(1,1,23-tetramethyl-23A9«10-q-1A5,6,7,8-hexahydronaphthalenyl)titaniumtrimethyl, 

(tert-butylamido)(tetramethyl-ii5<yclopentadienyl)dimethylsilanetitanium dichloride, 

(tert-butylamido)(tetramethyl-ii5<yclopentadienyl)dimethylsilanetitanium dimethyl. 
25 (tert-butylamido)(tetramethyl-q5^clopentadienyt)1 ,2-ethanediyltitantum dimethyl, 

(tert-butylamido)(tetramethyl-iiSHndenyl)dimethylsilanetitanium dimethyl, 

(tert-butylamido)(tetramethyt-iiS-cyclopentadienyl)dimethylsilanetltanium (III) 2- 

(dimethylamino)benzyl; 

(tert-butylamido)(tetramethyl-i)^-cyciopentadienyl)dlmethylsilanetitamum(lll) aliyi, 
30 (tert-butylamido)(tetramethyl*q5.cyclopentadienyl)dimethylsilanetitantum (II) s-trans-ii^-1,4- 
di phenyl- 1 ,3-butadiene, 

dimethylsilanetitanium (IV) s<is-q4.i,4<iiphenyl-1,3-butadiene, 

(tert-butylamldo)(tetramethyl-ii5.cyclopentadienyl)dimethylsilanetitanium (ll)s-trans-q^lA 
dibenzyl-1,3-butadiene, 

35 (tert-butylamtdo)(tetramethyl-]i5-cyclopentadienyl)dimethylsilanetitanium (II) s-trans-q4.2,4- 
h xadlene, 

(tert-butylamidoXtetramethyl-qS-cyclopentadienyDdimethylsilanetitanium (II) s-trans-ii^3- 
methyl-1 ,3-pentadlene. 
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(tert-butylamid )(n5-2,4<limethyl*13*pentadien-2-yl)dimethylsilanetitaniumdimeth^ 

(tert-butylamido)(1J-dlmethyl-23.4,9,10-n-1A5,67>hexahydronaphthalen-4- 

yl)dimethylsilanetitaniumdimethyl,and 

(tert-butylamido)(1 « 1 ,2,3-tetramethyl-2,3 A9, 1 0-q- 1 A5,67.8-hexahydronaphthalen-4- 
5 yl)dimethylsilanetitaniumdimethyl. 

bis(L) containing complexes including bridged complexes: 

btscyclopentadienyltitanlumdimethylfbiscyclopentadienyltitaniumdiethyl, 

cyclopentadienyltitaniumdilsopropyl, biscyclopentadienyltitaniumdiphenyl, 

cyciopentadienyltitaniumdibenzyl, biscyclopentadienyltltanium-2Apentadienyl, 
)0 biscyclopentadienyltitaniummethylmethoxide.biscyclopentadienyttitaniummethylchloride, 

bispentamethylcyclopentadienyltitaniumdimethyl, 

bisindenyltitaniumdimethyl, 

indenylfluorenyltltaniumdiethyl, 

bisindenyltitanium methyl 2-(dlmethylamino)benzyl, 
1 5 bisindenyltitanium methyl fluoride, 

bistetrahydroindenyltitanium methyl trimethylsilyl, 

bispentamethylcyclopentadienyltitaniumdiisopropyl, 

bispentamethylcyclopentadienyltitaniumdibenzyl, 

bispentamethylcyclopentadienyltitaniummethylmethoxide, 
20 bispentamethylcyclopentadienyltitaniummethylchloride, 

(dimethylsilyl*bis<yclopentadienyl)titaniumdimethyL 

(dimethylsilyl-bis-pentamethylcyclopentadienyl)titanium-2,4-pentadienyl, 

(dimethyl$ilyl-bis-t-butylcyclopentadienyl)titaniumdichtoride, 

(methylene-bis-pentaamethylcyclopentadienyl)titanlum (lll)2-(dimethyiamino)benzyl« 
25 (dimethyisilyi~bls-indenyl)titaniumdichloride,(dimethylsilyl-bis-tetrahydrotndenyl)s-tranv^ 

1 ,4KiiphenyM ,3-butadlene« 

(dimethylsityl-bis-fluorenyl)titaniumdichloride,(dimethylsilyi-bis-tetrahydrofluorenyl)ti^^ 
dKtrimethylsilyl), 

(dimethylsilyl-pentamethylcyclopentadienyl-fluorenyl)titaniumdlmethyl,and 
30 (i$opropylldene-cyclopentadienyt-fluorenyl)titaniumdibenzyl. 

Other compounds which are useful in the preparation of catalyst compositions 
according to this invention, especially compounds containing other Group 4 metals, will, of 
course, be apparent to those skilled in the art. 

In the most preferred embodiment -Z-Y* is an amidosilyl or amldoalkyl group of 
35 up to 10 nonhydrogen atoms, especially a (t-butylamido)(dimethylsiiyl) or 1-(t-butylamido)-2- 
ethyl group. 
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The chemical reacti ns which ccur In forming the catalysts of this inv nti n, 
when a preferred, boron containing compound is used as the second component, ar believed 
to be as follows: 

LkMX„,X'nX% + (R3Si + (BQ4)-^ 

5 (L|cMX„,X'„XVl(X')q))MBQ4)- + (R3Si)X- 

wherein M, X'« X'« X, R, k, m, n, P and q have the previously identified meanings, and Q is a 
bulky, inert, anionic ligand group of the borate anion, especially pentafluorophenyl. 

In general, the stability of the silane causes the reaction to be driven to 
completion thereby resulting in increased yields of the desired cattonic catalyst. Accordingly 

^0 the resulting catalysts are extremely active and effective polymerization catalysts. 

In general, the catalyst can be prepared by combining the two components (the 
Group 4 metal complex and silylium compound) in a suitable solvent at a temperature within 
the range from about -lOO^C to about 300'C The catalyst may be separately prepared prior to 
use by combining the respective components or prepared in situ by combination in the 

) 5 presence of the monomers to be polymerized. It is preferred to form the catalyst in situ due to 
the exceptionally high catalytic effectiveness of catalysts prepared in this manner. The catalysts 
do not contain pyrophoric species, however, the catalysts' components are sensitive to both 
moisture and oxygen and should be handled and transferred in an inert atmosphere such as 
nitrogen, argon or helium. Additional componenU may be incorporated into the catalyst 

20 system if desired. Suitable additional componenU include alumoxanes, especially 

methylalumoxane and triisopropylaluminum modified methylalumoxane, Lewis acids such as 
trialkylaluminum compounds containing from 1 to 6 carbons in each alkyi group, and Lewis 
bases, such as Cm dialkyi ethers and tetrahydrof uran. 

The catalysts may be used to polymerize ethylenically unsaturated monomers 

25 having from 2 to 100,000 carbon atoms either alone or in combination. Certain of the catalysts 
may be used to form tactic polymers, especially isotactic polypropylene, syndiotactic 
polypropylene and syndiotactic polystyrene, as is previously known in the art utilizing 
previously known activating cocatalysts in place of the silylium compounds used in the present 
invention. Preferred monomers include the C2.20 a-olefins especially ethylene, propylene, 

30 isobutylene, 1-butene, 1-pentene, 1-hexene, 3-methyl-1-pentene, 4*methyl-1-pentene, 1- 

octene, 1-decene, long chain, macromolecular a-olefins, and mixtures thereof. Other preferred 
monomers include styrene, C^ alM substituted styrene, tetrafluoroethylene, 
vinylbenzocyclobutane, ethylidenenorbomene, allylbenzene, 1,4-hexadiene. 1,7-octadiene, 
vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, and mixtures thereof with ethylene. 

35 In general, the polymerization may be accomplished at conditions well known in 

th prior art for Zi gler-Natta or Kaminsky-Sinn type polymerization reactions, especially at 
temperatures from 0-250 *C and pressures from atmosph ric to 1 0,000 atmospheres (0. 1 to 
1000 MPa). SUS-A-ension, solution, slurry, gas phase or other process conditions may be 
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empi yed if desired. A support, especially silica, modified silica (silica modified by calcining, 
treatment with a trialkylaluminum compound having from 1 to 1 0 carbons in each alky! group, 
or treatment with an alkylalumoxane), alumina, or a polymer (especially polytetra- 
fluoroethylene or a polyolefin) may be employed, and desirably is employed when the catalysts 

5 are used in a gas phase polymerization process. The support Is preferably employed in an 
amount to provide a weight ratio of catalyst (based on metal) :support from 1 : 100,000 to 1 : 10, 
more preferably from 1 :50,000 to 1 :20, and most preferably from 1 : 1 0,000 to 1 :30. 

In most polymerization reactions the molar ratio of catalyst: polymerizable 
compounds employed isfrom lO-'^rl to 10-1:1, more preferably from 10-i2:l to 10-5:1. 

10 Suitable solvenu for polymerization are noncoordinating, inert liquids. Examples 

include straight and branched-chain hydrocarbons such as isobutane, butane, pentane, 
hexane, heptane, octane, isopentane, and mixtures thereof; cyclic and alicyclic hydrocarbons 
such as cyclohexane, cycloheptane, methylcyclohexane, methylcycloheptane, and mixtures 
thereof; perfluorinated hydrocarbons such as perf luorinated C4.10 aikanes, and aromatic and 

1 5 alkyl-substituted aromatic compounds such as benzene, toluene, and xylene. Suitable solvenu 
also include liquid olefins which may act as monomers or comonomers including ethylene, 
propylene, 1-butene, butadiene, cyclopentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1- 
pentene, 1,4-hexadiene, 1,7-octadiene, 1-octene, 1-decene,styrene, divinylbenzene, 
ethyiidenenorbornene, allytbenzene, vinyltoluene (including all isomers alone or in 

20 admixture), 4-vinylcyclohexene, and vinylcyclohexane. Mixtures of the foregoing are also 
suitable. 

The catalysts may also be utilized in combination virith at least one additional 
homogeneous or heterogeneous polymerization catalyst in separate reactors connected in 
series or in parallel to prepare polymer blends having desirable properties. An example of such 
25 a process is disclosed in WO 94/00500. 

One such polymerization process comprises: 

contacting, optionally in a solvent, one or more a-olefins with a catalyst according 
to the present invention, in one or more continuous stirred tank or tubular reaaors, or in the 
absence of solvent, optionally in a fluidized bed gas phase reactor, connected in series or 
30 parallel, and 

recovering the resulting polymer. 

In another process an ethylene /a-olefin interpolymer composition is prepared by: 

(A) contacting ethylene and at least one other a-otef in under polymerization 
conditions in the presence of a catalyst composition of the present invention in at least one 

35 reactor to produce a first interpolymer or optionally a solution of a first interpolymer, 

(B) contacting ethylen and at least one oth ra-ol fin under polym rization 
conditions and at a higher polymerizati n reaction temperature than used in step (A) in the 



14- 



wo 96/08519 



PCT/US9S/08467 



pres nceofaheterogen ousZiegler catalyst in at least one other r actor to produce a sec nd 
interpolymer optionally in solution, and 

(C) combining the first interpolymer and second interpolymer to form an 
ethylene/a*olefin interpolymer blend composition, and 
5 (D) recovering the ethylene/a-olefin interpolymer blend composition. 

Preferably the heterogeneous Ziegier catalyst comprises: 

(i) a solid support component comprising magnesium halide, silica, 
modified silica, alumina, aluminum phosphate, or a mixture thereof, and 

(ii) a transition metal component represented by the formula: 
10 TrX'u(X'")v.u» or TrX'uO(X"Vu.2. wherein: 

Tr is a Group 4, 5, or 6 metal, 
O is oxygen, 
X" is halogen, 

X'" is independently selected from hydrocarbyl, silyl, hydrocarbyloxy or slloxy 
15 having up to 10 non-hydrogen atoms, 

u is a number from 0 to 6 that is less than or equal to v, and 
V is the formal oxidation number of Tr. 

These polymerizations are generally carried out under solution conditions to 
facilitate the intimate mixing of the two polymer-containing streams. The foregoing 

20 technique allows for the preparation of ethylene/a-olefin interpolymer compositions having a 
broad molecular weight distribution and broad composition distribution. Preferably, the 
heterogeneous catalyst is also chosen from those catalysts which are capable of efficiently 
producing the polymers under high temperature, especially, temperatures greater than or 
equal to 180*C under solution process conditions. 

25 In a still further embodiment, there is provided a process for preparing an 

ethyiene/a-oiefin interpolymer composition, comprising: 

(A) polymerizing ethylene and at least one other a-olefin in a solution process 
under suitable solution polymerization temperatures and pressures in at least one reactor 
containing a catalyst composition of the present invention to produce a first interpolymer 

30 solution, 

(B) passing the interpolymer solution of (A) into at least one other reactor 
containing a heterogeneous Ziegier catalyst, in the presence of ethylene and optionally one 
other a-olefm under solution polymerization conditions to form a solution comprising the 
ethylene/a-olefin interpolymer composition, and 

35 (Q recovering the ethylene/o-olefin Interpolymer composition. 

Preferably the heterogeneous Ziegier catalyst comprises: 

(i) a solid support component comprising a magnesium halide or silica, and 

(ii) a transition metal component represented by the formula: 
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TrX'u(X'")v-u* or TrX'uO(X'")v.u.2» wherein: 

Tr, X*, X"', u, and v ar as pr viously defin _d. 

The foregoing technique also allows for the preparation of ethylene/a-olefin 
interpolymer compositions having a broad range of molecular weight distributions and broad 
5 composition distributions. Particularly desirable a-olef ins for use in the process of the present 
invention are mixtures of ethylene and a-olefms« most desirably mixtures of ethylene and 
1-octene. 

The skilled artisan will appreciate that the invention disclosed herein may be 
practiced in the absence of any component which has not been specifically disclosed. The 
^0 following examples are provided as further illustration thereof and are not to be construed as 
limiting. Unless stated to the contrary all parts and percentages are expressed on a weight 
basis. 
Example 1 

(Tert-butylamldo)dimethyl(tetramethyi-q'-cyclopentadienyl)silanetitanium dimethyl and 
^5 triethylsilyliumtetrakispentafluorophenyl borate 

A. Preparation of ftert»butvlamldo)dimethvl(tetramethvi-n '- 
cvclopentadienvDsilanetitaniumdimethvl 

In a drybox, 0.20 g of TiajCTHP), was sUS-A-ended in 40 mL of tetrahydrofuran 
(THF). 0.277 g of solid (tetramethylcyclopentadienyl)(t-butylamino)dimethylsildne diGrignard 

20 (Me^C^SiMe^N-t-BuMg^CI^CTHF),) was added, resulting in a color change from pale blue to deep 
purple. After stirring for 5 minutes, 0.17 ml of a 1 .56 M solution of methylenechioride in THF 
was added. The color changed to bright yellow over a period of one hour. The THF was 
removed under reduced pressure. The product was recovered by extraction in pentane. The 
yield of yellow (t-butylamido)dimethyl(tetramethyl-q5-cyclopentddienyl)silanetitanium 

25 dichloride was 0. 144g, 72.4 percent. The corresponding dimethyl complex is formed by 
reaction with methyl Grignard. 

B. Preparation of triethvlsilvlium tetrakts-pentafluorophenvl borate 

A flask was charged with triphenylcarbenium tetrakispentafluoropenylborate 
(400 mg, 0.434 mmol) and 4 mL of triethylsilane. After reaction for 1 6 hours the resulting slurry 
30 was filtered, washed with hexane and the volatile components were removed under reduced 
pressure to give a white solid. Yield of triethylsilylium tetrakispentafluorophenyl borate was 
325 mg, 94.3 percent 

C. Polvmerization 

A two liter stirred reactor was charged with 741 g of mixed alkane solvent (Isopar- 
35 E~ available from Exxon Chemicals Inc.) and 1 1 9 g of 1-octene comonomer. Hydrogen (25 Apsi, 
A 1 70kPa) was added t the react r by differential pressure expansion from a 80 mL additi n 
tank. The reactorwas heated to UO'^C, stirred at 1200 rpm and saturated with ethylen at3.5 
MPa. Catalyst and cocatalystw re mixed in a dry box by pipetting toluene solutions of (N-t- 
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butylamtdo)dimethyl(ii5<yciopentadienyl)silanetitanium (IV) dimethyl and trimethylsilylium 
tetrakis-pentaf luorophenyl borate to provide 1 .0 pmol of each compound. The resulting 
solution was transferred to a catalyst addition tank and Injected into the reactor and the 
addition line washed with toluene which was also injected Into the reactor. The 

5 polymerization was allowed to proceed with ethylene being added on demand. The maximum 
temperature rise was 24 •C. After 1 5 minutes the polymer solution was removed from the 
reactor. A hindered phenol antioxidant (Irganox" 1010 available from GbaGeigy Corp.), 100 
mg, was added to the resulting ethylene/1 -octene copolymer. Volatiles were removed from 
the polymer solution under reduced pressure in an oven at about 1 SO'^C for approximately 18 

1 0 hours. The polymer yield was 98.5 g. 
Example 2 

(N-t-butylamido)(dimethyl)(4Adimethyl-ii5-l,3-cyclohexadlen-1-yl)silanetitanium (IV) 
dimethyl and triethylsilylium e diethylether tetraklspentafluorophenyl-borate 
A1. Preparation of S.S-dimethvUI .3-cvclohexadiene/ 33-dimethvl- 1 .4-cvclohexadiene isomeric 
15 mixture 

In a glass flask under nitrogen atmosphere, 50.0 g (0.357 mol) 1J-dimethyl-3,5- 
diketocyclohexane was slurried in about 500 mL of diethyl ether. After cooling the slurry in an 
ice bath, 1 3 g (0.342 mol) of UAI H4 was slowly added. The reaction mixture was allowed to 
warm to room temperature and was stirred for 2 hours, after which 14 g (0.369 mol) of 

20 additional LiAIH4 was added. The reaction mixture was refluxed for 2 hours, then stirred 
overnight. Workup occurred as follows: After the reaction mixture was cooled in an ice bath, 
27 mLof water was slowly added, followed by 27 mLof 15 weight percent, aqueous NaOH 
solution, then 81 mL of water. The resulting solids were filtered off and washed with diethyl 
ether. The combined ether solutionswere concentrated by evaporation. To the resulting pale 

25 yellow product was added 1 0 mL of 9 M, aqueous H2SO4. The product was collected after 
distillation using a short path distillation column up to a pot temperature of 145^0 Additional 
H2SO4 was added and a second distillation was performed. After washing with 1 0 weight 
percent, aqueous NajCOs, then with water, the product was dried with anhydrous MgS04. The 
product was fractionally distilled, with fractions boiling up to about 1 00*C being collected. The 

3Q yield was 12 g. of the isomeric mixture depicted as follows: 




A2. Preparation of potassium 6.6-dimethv l-cvclohexadtenlde 

To 14.0 g (0.1 1 1 mol) of potassium t-amylate (KOC(CH3)2C2H5) in 200 mL of 
pentane was added 44.4 mL of 2.5 M (0.1 1 1 mol) butyl lithium in hexane with f ormati n of a 
small amount of brownish Insoluble material. To this was added 12.0 (0.1 1 1 mol) of the 
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previously formed dimethylcyclohexadiene is merle mixture. A bright orange product 
resulted. After stirring overnight, the color became brownish orange. The product was 
filtered, washed several times with pentane, then dried under reduced pressure. The yield of 
orange powder was 1 1.8g, 72.7 percent. 
5 A3. Preoaration of (N-t'butvlamino)(dimethvl)(4,4<limethvlcvdohexadien-1*vl>silane isomerir 
mixture 



technique of EP-A-563365) in tetrahydrofuran (THF) was slowly added 4.50 g (30.8 mmol) of 
solid potassium dimethylcyclohexadienide Isomeric mixture. After stirring overnight, the 
10 reaction mixture was filtered and the solvent was removed under reduced pressure. The 
residue was extracted with pentane, the resulting slurry was filtered and the solvent was 
removed from the filtrate. Purification by Kugelrohr distillation gave 3.58 g of product, 49.0 
percent yield. 1 H NMR (CeDg) A 5.69 (d, 1 0.2 Hz, 2H), 5.45 (d, 9.9 Hz, 2H), 2.30 (s, 1 H), 1 . 13 (s, 
3H), 1.12(s,3H), 1.07 (s,9H), 0.12 (s,6H). Thestructuresof the isomeric products are depicted as 



20 

A4. Preparation of dillthium(N-t-butvlamido)(dimethvl)(4.4>dimethv^cvdohexadienvl)silane 
isomeric mixture 



butylamino)(dlmethyl)(dlmethylcyclohexadienyl)sildne in 75 mL of diethyl ether was added 
25 12.6 mL of 2.52 M n-butyl lithium in hexane. The resulting yellow reaction solution was stirred 
for several days, during which time a large amount of precipitate had formed. The reaction 
mixture was refiuxed for several hours, then it was filtered. The solid was washed with hexane 
and then dried under reduced pressure. The yield of the pale yellow powder was 2.01 g, 53.5 
percent yield. 

30 A5. Preparation of (N-t-butvlamido)(dimethvl)(6,6-dimethvi"n^-cvclohexadien-3-vl)- 
siianetitanium (IV) dichloride 

Dllithium(N-t-butylamido)(dlmethyl)(4,4-dimethyl-ii5-cyclohexadienyl)silane (1 .50 g, 6.01 
mmol) was added by means of a constant addition funnel over a 5 minute period at 25 to a 
250 ml glass flask containing 2.23 g (6.01 mmoDof TiCl3e(THF)3and 125mLofTHF. Adark 
35 brown mixture formed immediately- To this reaction mixture PbCl2 (1 .80 g, 6.48 mmol) was 
added as a solid at 25 ""C. and the resulting mixture stirred for 2 hours. Th volatiles were 
rem vedund r reduced pressure and th s lid triturated nc with hexane. Hexane (50 mL) 



To a solution of 5.46 g (32.9 mmol) asi(CH3)2NC(CH3)3 (obtained according to the 



15 follows: 




To 3.58 g (1 5. 1 mmol) of (N-t- 
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was th n added and the mixture filtered through Celite" diatomaceous arth filter aid, to give 
a dark brown solution. Concentration of the solution to 30 mU cooling to -78 *C, and filtration 
gave brown crystalsofthe desired product. Yield was 1.01 g, 47 percent The structure of the 
resulting produa is as follows: 



A6. Preparation of (N-t-butvlamidoMdimethvlM4,4-dimethvl-n5-1 ,3-cvclohexadien-1-vl)- 
sliangtitanium (IV) dimethyl 

0.049g Of (N-t-butylamido)(dimethyl)(4,4-dimethyl-ii^-cyclohexadien-l-yl)silane titanium 
dichloride (0.1 2 mmol) was dissolved in 1 0 ml of diethyl ether. To this solution 0.08 ml of 
magnesium methyl iodide (CHsMgt) (3.0 M in THF) was added dropwise at 25 *C with stirring 
over a 20 min period. Upon completion of the addition of the CHsMgl the solution was stirred 
for 20 minutes. After this time period the diethyl ether was removed under reduced pressure 
and the residue extracted with pentane. The solution was then filtered, the filtrate was 
evaporated to dryness under reduced pressure to give 0.026g (66 percent yield) of the desired 
product. 1 H NMR (CsDe): d5.25 (d, 2H), 5.05 (d. 2H), 1,46 (s. 9H), 1.32 (s 6H), 1.18 (s, 3H), 0.66 (s. 
3H),0.20(s,6H). 

B. Triethvlsilvlium Tetrakisoentafluorophenvlborate 

The silylium borate salt was prepared acconjing to Example 1, part B. 

C. Polymerization 

A two liter stirred reactor was charged with 744 g of mixed alkane solvent (Isopar- 
E- available from Exxon Chemicals Inc) and 126 g of 1-octene comonomer. Hydrogen (25 Apsi. 
A170 kPa) was added to the reactor by differential pressure expansion from a 80 mL addition 
tank. The reactor was heated to 140°C, stirred at 1200 rpm and saturated with ethylene at 3.5 
MPa (500 psi). Catalyst and cocatalyst were mixed in a dry box by pipetting toluene solutions of 
(N-t-butylamido)(dimethyl)(4,4-dimethyl-ii5-i ,3-cyclohexadien-l -yl)silanetitanium (IV) 
dimethyl and triethylsilylium tetrakispentafluorophenyl borate to provide 2.0 pmol of each 
compound. The resulting solution was transferred to a catalyst addition tank and injected into 
the reactor and the addition line washed with toluene and also injected into the reactor. The 
polymerization was allowed to proceed with ethylene being added on demand. After 15 
minutes the polymer solution was removed from the reactor. Volatiles were removed from the 
ethylene/l-octene copolymer solution under reduced pressure in an oven at about 130'C for 
approximately 18 hours. The yield was 8.2 g. 
Example 3 

(Tert-butylamid )dimethyl(tetramethyl-ii'-cyclopentadienyl)silanetitanlum dimethyl and 
trimethylsilylium •dlethylethertetrakis(p ntafluorophenyl)borate 
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A. (T rt.butvlar,iidn>riim ♦hyiftt,,^. .Uy.,y.^... pentadien>/lkil;.natit,niumdim^hyi 

The titanium complex was prepared according to Example 1, part A. 
B- Trimethvlsilvlium Tetraklrf oemafluoronhenvnborate • (or^H^) ^ 

Aflask was charged with 1.00gofLiB(C6F5)4.2.5Et2O(1.00g.1.15mmol) and 40 
5 ml of trimethylsilyl chloride. The eontente were stirred overnight to give a cloudy solution 
which wasfiltered through Cellte" brand diatomaceous earth filter aid to give a clear colorless 
solution. The volatiles were removed in vacuo to give a white slightly oily solid. Trituration and 
stirring with hexane gave a white solid which was Isolated by filtration. Drying under reduced 
pressure yielded the sllylium salt as a white powder (0.60 g, 63 percent). 
10 CI. Polymerization 

A two liter stirred reactor was charged with 520 g of toluene and 147 g of 1- 
octene comonomer. The reactor was heated to 80'C, stirred at i 200 rpm and saturated with 
ethylene at 450 kPa (65psi). Catalyst and cocatalyst were mixed in a dry box by pipetting 

toluene solutions of (N.t.butylamido)dimethyl(tetramethyl-n5.cyciopentadienyl)silanetitanium 
15 ('V)dlmethylandtrimethylsllyliumtetrakis(pentafluorophenyl)boratee(OC2H5)2toprovidel.O 
limol of each compound. The resulting yellow solution was transferred to a catalyst addition 
tank and injected into the reactor and the addition line washed with toluene which was 
injected into the reactor. The polymerization was allowed to proceed with ethylene being 
added on demand. Total exotherm was 5.6 'C. After 1 0 minutes the polymer solution was 
20 removed from the reactor. Volatiles were removed from the ethylene/1-octene copolymer 
solution under reduced pressure in an oven at about 130 'C for approximately 18 hours. The 
yield was 24.0 g. 
C2. Polymerization 

A two liter stirred reactor was charged with 718 g of Isopar-E" solvent and 1 10 g 
25 of 1 -octene comonomer. Hydrogen (36 Apsi. A250 kPa) was added to the reactor by 

differential pressure expansion from a 80 mL addition tank. The reactor was heated to UO-C, 
stirred at 1 200 rpm and saturated with ethylene at 3.5 MPa (500 psi). Catalyst and cocatalyst 
were mixed in a dry box by pipetting toluene solutions of (N-t-butylamido)dimethy|. 
(tetramethyl-n5Kyciopentadienyl)silanetitanium (IV) dimethyl and trimethylsilylium 
30 tetrakl$(pentafluorophenyl)boratee(OC2H5)2toprovide1.0pmolofeachcompound. The 
resulting solution was transferred to a catalyst addition tank and injected into the reactor and 
the addition line washed with toluene and also injected Into the reactor. The polymerization 
was allowed to proceed with ethylene being added on demand. Total exotherm was again 5.6 
•C. After 1 5 minutes the polymer solution was removed from the reactor. Volatiles were 
35 removed from the ethylene/1-ortene copolymer solution under reduced pressure in an oven at 
about 130'C for approximately 18 h urs. Theyi Id f ethylene/1-octen cop lymer was 38.4 g. 



-20- 



wo 96mSl9 



PCr/US9Sm467 



Example 4 

(Tert-butylamido)dimethyl(tetramethyl-xi'-cyclopentadi«nyl)sllan^^^ dimethyl and 
trimethylsilyliumtetrakis(pentafluorophenyl)borate 

A. (Tert-butvlamido)dimethvl(tetramethvl-ii'-cvciopentadienvl)$ilanetitanium dimethyl 
5 The titanium complex was prepared according to Example 1 , part A. 

B. Electrochemical Generation of Trimethvlsilvlium Tetrakispentafluorophenvlborate 

A standard H-cell for electrolysis comprising two electrode wells separated by a 
fine glass frit, platinum mesh working and counter electrodes, and a silver wire reference 
electrode was placed inside an inert atmosphere glove box filled with argon. Each half of the 

10 cell was filled with l,2-difluoroben2ene solvent (5 ml in the working compartment, 4 ml in the 
counter compartment) and tetra(n-butylammonium) tetrakis(pentafluorophenyl)borate 
supporting electrolyte (15 mmole in each compartment). Hexamethyldisilane was added to the 
working compartment (10 mmole). The solution was stirred and the potential stepped to the 
appropriate value to start oxidation of the Si-Si bond, + 2.4 V versus a saturated calomel 

1 5 electrode. The reaction was stopped when 10 mmole of (CH3)3Si * were produced. The 
working compartment solution was then pipetted into a round bottom flask and the solvent 
was removed under vacuum. The product was dissolved in toluene to form a 0.005 M solution 
used as cocatalystfor the polymerization. 
C Polvmerization 

20 A two liter stirred reactor was charged with 71 4 g of mixed alkane solvent (Isopar- 

E" available from Exxon Chemicals Inc.) and 107 g of 1-octene comonomer. Hydrogen (32 Apsi, 
A220 kPa) was added to the reactor by differential pressure expansion from a 80 mL addition 
tank. The reactor was heated to 140*C, stinred at 1200 rpm and saturated with ethylene at 3.5 
MPa. Catalyst and cocatalyst were mixed in a dry box by pipetting toluene solutions of (N-t- 

25 butylamido)dimethyl(ii^cyclopentadienyl)silanetitanium (IV) dimethyl and trimethylsilylium 
tetrakis-pentafluorophenyl borate prepared by electrolysis to provide 1 .0 pmol of each 
compound. The resulting solution was transferred to a catalyst addition tank and injected into 
the reactor and the addition line washed with toluene which was also injected into the reactor. 
The polymerization was allowed to proceed with ethylene being added on demand. After 1 5 

30 minutes the polymer solution was removed from the reactor. A hindered phenol antioxidant 
(Irganox*" 1010 available from Qba Geigy Corp.), 1 00 mg, was added to the resulting 
ethylene/1 -octene copolymer. Volatiles were removed from the polymer solution under 
reduced pressure in an oven at about 130"C for approximately 18 hours. Theyieldof 
ethylene/1-octene copolymer was 99.1 g. 
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WHAT IS CLAIMED IS: 

1. A catalyst system comprising: 
A) a metal complex corresponding to the formula: 

l^MX^X\X\, or a dimer thereof 

5 wherein: 

L is an anionlCi delocallzed, n-bonded group that is bound to M, containing up to 
50 nonhydrogen atoms, optionally two L groups may be joined together forming a bridged 
structure, and further optionally one L may be bound to X; 

M is a metal of Group 4 of the Periodic Table of the Elements in the + 2, + 3 or + 4 

) Q formal oxidation state; 

X is an optional, divalent substituent of up to 50 non-hydrogen atoms that 
together with L forms a metal! ocycle with M; 

X' is an optional neutral Lewis base having up to 20 non-hydrogen atoms; 
X' each occurrence is a monovalent, anionic moiety having up to 40 non- 
1 5 hydrogen atoms, optionally, two X groups may be covalently bound together forming a 
divalent dianionic moiety having both valences bound to M, or form a neutral, conjugated or 
nonconjugated diene that is n-bonded to M (whereupon M Is in the + 2 oxidation state), or 
further optionally one or more X and one or more X' groups may be bonded together thereby 
forming a moiety that is both covalently bound to M and coordinated thereto by means of 
20 Lewis base functionality; 

k is 1 or 2; 
misOorl; 

n is a number from 0 to 3; 
p is an integer from 0 to 3; and 
25 the sum, k + m + p, is equal to the formal oxidation state of M, and 

B) a silyllum salt corresponding to the formula: 
R3Si(X')q+A-, 

wherein R independently each occun^ence is selected from the group consisting of hydrocarbyl, 
silyl, hydrocarbyloxy, dihydrocarbylamino, and combinations thereof having up to 30 
30 nonhydrogen atoms, X' is as previously defined, q is zero or one, and 
A- is a noncoordinating, compatible anion. 

2. A catalyst system according to Claim 1 wherein the metal complex 

corresponds to the formula: 

35 
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MX'nX"p 



15 wherein: 

M, X', X", n and p are as previously defined, 
E is silicon or carbon, 

R* independently each occurrence is hydrogen or a group selected from sllyl, 
hydrocarbyl and combinations thereof, said R* having up to 30 carbon or silicon atoms, and 
20 xisltoS. 

3. A catalyst system according to Qai m 1 

wherein: 

L is an anionic, delocalized, n-bonded group that is bound to M, containing up to 
50 nonhydrogen atoms; 

25 MisametalofGroup4ofthePeriodicTableoftheElementsinthe +2, +3or +4 

formal oxidation state; 

X is a divalent substituent of up to 50 non-hydrogen atoms that together with L 

fonns a metallocycle with M; 

X* is an optional neutral Lewis base ligand having up to 20 non-hydrogen atoms; 
30 x" each occun-ence is a monovalent, anionic moiety having up to 20 non- 

hydrogen atoms, optionally two X' groups together may form a divalent anionic moiety 
having both valences bound to M, and further optionally X' and X" may be bonded together 
thereby forming a moiety that is both covalently bound to M and coordinated thereto by 
means of Lewis base functionality; 
35 kisi; 

misi; 

n is a number from Ot 3; 
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p is an integer from 1 to 2; and 

the sum, k m + p, is equal to the formal oxidation state of IVI. 

4. A catalyst system according to Claim 3 wherein the Group 4 metal complex 
corresponds to the formula: 

5 X 

Cp M — X"p 

wherein X, M and X" are as previously defined; and 

Cp is a C5H4 group bound to X and bound in an bonding mode to M or is such 
an q5 bound group substituted with from one to four substituents Independently selected 
from hydrocarbyt« sllyl, germyl, halo, cyano, and combinations thereof, said substituent having 
up to 20 nonhydrogen atoms, and optionally, two such substituents (except cyano or halo) 
together cause Cp to have a fused ring structure. 

5. A catalyst system according to Claim 4 wherein the Group 4 metal complex 
^ g corresponds to the formula: 




20 

wherein: 

M is titanium or zirconium in the -t- 4 formal oxidation state; 

R' each occurrence is independently selected from hydrogen, hydrocarbyi, silyl, 
germyl, halo, cyano, and combinations thereof, said R' having up to 20 nonhydrogen atoms, 
25 and optionally, two R' groups (where R' Is not hydrogen, halo or cyano) together form a 
divalent derivative thereof connected to adjacent positions of the cyclopentadienyl ring to 
form a fused ring structure; 

X" is a hydrocarbyl or silyl group, said group having up to 20 nonhydrogen atoms; 

Yis-0-,-S.,-NR*-,-PR*-; and 
30 z is SiR*2. CR*2. SiR*2SiR*2. CR*2CR*2, CR* = CR*, CR*2SiR*2. or GeR*2; wherein: 

R* each occurrence Is independently hydrogen, or a member selected from 
hydrocarbyl, silyl, halogenated alkyi, halogenated aryl, and combinations thereof, said R* 
having up to 10 non-hydrogen atoms, and optionally, two R* groups from Z (when R* is not 
hydrogen), or an R* group from Z and an R* group from Y form a ring system. 
35 6. A catalyst system according to any one of Claims 1 to 5, wherein A- Is 

tetrakis{pentafluorophenyl)borate, tetrakis (2,3,5,6-tetraf luoroph nyi)borate, tetraki5(2,3,4,5- 
tetrafluoroph nyl)borate, tetrakis(3,4,5-trifluoroph nyl)borate, tetrakis( 1,2,2- 
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trifluor ethenyl)borate, methyltris(pentafluorophenyl)borate and phenyltris- 
(pentafluorophenyl)borate. 

7. A catalyst system according to Claim €, wherein the silyllum salt is 
trimethylsilyf ium tetrakispentafluorophenylborate, triethylsilylium 

5 tetrakispentafluorophenylborate, triphenylsiiyilum tetrakispentafluorophenylborate, 
tribenzytsilylium tetrakispentafluorophenylborate, tnmethylsilylium 
methyltrispentafluorophenylborate, trimethylsilylium benzyltrispentafluorophenylborate, 
triethylsilylium phenyltrispentafluorophenylborate, triethylsilylium 
methy!trispentafluorophenylborate,triphenylsilyliummethyttrispentafluorophenylborate, 

\ 0 tribenzylsilyllum benzyltrispentafluorophenylborate, tribenzylsilylium methyttris- 
pentafluorophenyl borate, tnmethylsilylium tetrakis(2,3«5,6-tetrafiuorophenyf)borate, 
triphenylsilylium tetrakis(2,3fS,&-tetraftuorophenyl)borate, trimethylsilylium tetrakis(3,4,5- 
trifluorophenyOborate, tribenzylsilylium tetrakls(3A5-trifluorophenyl)alumlnate, 
triphenylsilylium methyltris(3A5-trlfiuorophenyl)aluminate, triethylsilylium tetrakis( 1,2,2- 

1 5 trif luoroethenyOborate, tricyclohexylsilylium tetrakis(2,3A5-tetrafluorophenyl)borate, 
dimethyloctadecyisilyliumtetrakis(pentafluorophenyl)borate,tris(trimethylsilyl)silylium 
methyltris(23 A5-tetrafluorophenyl)borate, or an ether adduct thereof. 

8. A process for preparing a catalyst system according to Qaim 1 , comprising 
contacting the Group 4 metal complex and silylium salt in an inert diluent. 

20 9- An addition polymerization process wherein one or more addition 

polymerizabie monomers are polymerized in the presence of a catalyst system according to 
Claim 1. 

10. A process for preparing a silylium salt corresponding to the formula: 

RsSiOCOq+A- 

25 wherein 

R independently each occurrence is selected from the group consisting of 
hydrocarbyl, silyl, hydrocarbyloxy, dihydrocarbylamino, and combinations thereof having up to 
20 nonhydrogen atoms, and 

A- Is a noncoordinating, compatible anion, 
30 said process comprising oxidizing a solution comprising a disilane compound corresponding to 
the formula: 

R3SiSiR3 

wherein R is as previously defined, 

in the presence of a source of the noncoordinating counter ion, A*. 
35 1 1 . A process according to claim 10 wherein the oxidation is an electrolysis 

conducted at a potential of at least + 0.5 volts v rsus a saturated calomel electrode. 

12. A process according to claim 1 1 wherein the lectrolysis is conduct d until 
conversion f disilane comp undisfromSOt 80 percent f theoretical. 
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